Abstract. Systemic inflammatory response, which represents the presence of cachexia, is observed often in patients with lung cancer. To evaluate the prognostic significance of the presence of a systemic inflammatory response in small cell lung cancer (SCLC) patients, a retrospective study using modified Glasgow prognostic Score (mGPS) was performed. This score is composed of serum albumin and C-reactive protein levels. All the patients with SCLC who were diagnosed in Tsukuba
Introduction
In patients with cancer, a systemic inflammatory response leads to increased protein breakdown and progressive nutritional decline by a direct catabolic effect on skeletal muscle and other host tissue (1) (2) (3) (4) . Such progressive nutritional decline leads to poorer survival (1) (2) (3) (4) . The measurement of the systemic inflammatory response has been subsequently refined using a selective combination of serum albumin and C-reactive protein (CRP) (termed the modified Glasgow Prognostic Score, mGPS) and has been revealed to have prognostic value, independent of tumor stage, in non-small cell lung, gastrointestinal and renal cancer (5, 6) .
Lung cancer remains one of the most common and fatal malignant diseases. The overall survival in patients with lung cancer, particularly those with small cell lung cancer (SCLC), remains poor and has not improved to a satisfactory level, despite the progress made in various therapeutic modalities (7) . The treatment for patients with SCLC with a systemic inflammatory response may be complex due to a high level of post-therapeutic pulmonary complications and mortality. However, the clinic pathological features of patients with SCLC with a systemic inflammatory response have not been clarified, and the influence of the existence of the systemic inflammatory response on survival in these patients has rarely been examined (8) . In the present study, the prognostic significance of coexistent systemic inflammatory response has been examined in patients with SCLC.
Patients and methods
All the patients with pathologically or cytologically proven SCLC who were admitted to Tsukuba University Hospital, Tsukuba Medical Center Hospital ((Tsukuba, Japan) and Mito Medical Center, University of Tsukuba (Mito, Japan) between April 1999 and July 2016 were analyzed retrospectively. Patients with SCLC were divided into two groups according to the staging system of the Veterans Administration Lung Cancer Study Groups: Limited stage (LD) or extensive stage (ED). Patients with LD-SCLC have involvement of the ipsilateral hemithorax within a single radiation port. ED-SCLC is defined as the presence of apparent metastatic disease. This classification has an important role in the indication of treatment and outcome. The present study was approved by the institutional review committee of Mito Medical Center, University of Tsukuba (Mito, Japan) (no. [16] [17] [18] [19] [20] Serum albumin and CRP were those measured at the time of the diagnosis of SCLC. The mGPS was calculated according to the method by Forrest et al (9) : Patients with a normal albumin level (3.5 g/dl) and CRP (1.0 mg/dl) were allocated a score of 0, those with both low albumin (<3.5 g/dl) and high CRP (>1.0 mg/dl) were scored 2. Patients with only an elevated CRP (>1.0 mg/dl) were assigned a score of 1.
The Mann-Whitney U test and the χ 2 test were used to determine statistically significant differences between the two groups. To assess survival curves, the Kaplan-Meier method was used. To evaluate the statistical significance of differences, the log-rank test was used. The length of survival was defined as the interval in months from the date of the initial therapy or supportive care until the date of last follow-up or the date of mortality. For multivariate analysis of the effect of clinicopathological factors on survival, the Cox proportional hazards model was used. All statistical analysis was conducted using SPSS 10.1 for Windows (SPSS Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
During the study period, 319 patients were diagnosed pathologically or cytologically as having SCLC. Table I presents the characteristics of these patients. They were 273 (85.6%) males and 46 females. The median patient age was 71 (range, 49-94) years. In total, 109 (34.1%) patients were ≥75 years old. There were 192 (78.3%) patients with good performance status (PS) (Eastern Cooperative Oncology Group 0-1) (10), and 103 (32.3%) patients with LD-SCLC. Among all the patients, 97 (30.4%) had serum albumin <3.5 g/dl, and 127 (39.8%) of them had serum C-reactive protein (CRP) >1.0 mg/dl. In total, 192 (60.2%) patients had mGPS=0, 54 (16.9%) had mGPS=1 and 73 (22.9%) had mGPS=2. Table II presents the association between mGPS and various patient characteristics. The results indicated that aged patients (≥75 years), those with poor PS (PS, 2-4), extensive disease and those receiving supportive care only had a higher mGPS. For male patients, smokers did not have a higher mGPS. Fig. 1 reveals the survival curves of the patients with mGPS=0, 1 and 2. The median survival time of patients was 13.1, 10.0 and 5.9 month, respectively. There was a statistically significant difference in survival among these patient groups (P= 0.0001). Table II presents the results of uni-and multivariate analysis of prognostic factors in these patients. In univariate analysis, aged 75 years old [median survival time (MST) in patients ≥75 years, 8.7 months; MST in those ≤74 years, 12.7 months), poor PS (MST in patients with PS 2-4, 6.2 months; MST in those with PS 0-1, 14.6 months), extensive disease (MST in patients with ED, 8.0 months; MST in those with LD, 19.2 months), supportive care only (MST in patients with supportive care only, 1.5 months; MST in those with chemotherapy, 12.7 months) and higher mGPS (MST in patients with mGPS=2, 5.9 months; MST in those with mGPS=1, 10.0 months; MST in those with mGPS=2, 13.1 months) were unfavorable prognostic factors. In the multivariate analysis, extensive disease and supportive care were unfavorable prognostic factors. In addition, mGPS=2 was confirmed as an unfavorable prognostic factor in the multivariate analysis (Table III) .
Discussion
McMillan et al (5) proposed a prognostic score as a measure of systemic inflammation and nutritional status determined by serum albumin values and the CRP value (5). This prognostic score is now believed to reflect the condition of cachexia in malignant disease. In various cancer types such as gastrointestinal cancer, it is evaluated as an independent prognostic factor (11, 12) . Its clinical significance has been also evaluated in NSCLC (13, 14) , but has scarcely evaluated in patients with SCLC (8) . At present, there is only one previous study that evaluates the clinical significance of mGPS as a prognostic factor (8) . Due to the lack of data on CRP and albumin in this previous study, mGPS in 359/460 consecutive patients was evaluated. There were only 18 (5.0%) patients with PS 2, 11 (3.1%) patients with mGPS=2, and 20 (5.6%) patients with albumin <3.5 g/dl. These data revealed that the proportion of patients with prognostic values, independent of tumor stage, was too low to evaluate. In addition, median age of the patients was 60 years. Therefore, the results from this previous study may differ from those of a typical population of patients with SCLC. The present study was performed to evaluate the prognostic significance of the presence of a systemic inflammatory response in patients with SCLC. The majority of patients with lung cancer are aged and have comorbid wasting diseases such as chronic obstructive pulmonary disease and chronic heart disease; therefore, they potentially have a high risk of developing cachexia. For patients with NSCLC, the clinical usefulness of anamorelin, an anti-cachexia drug in global phase III and domestic phase II studies in Japan have recently been reported (15, 16) . For patients with SCLC, early intervention such as prescription of anti-cachexia and nutritional support may improve prognosis. In the present study, the prognostic significance of a systemic inflammatory response was evaluated using mGPS in unselected patients with SCLC. As has been reported in a previous study (8) , it was demonstrated that male sex, extensive disease, poor PS and no chemotherapy were unfavorable prognostic factors. In addition to these factors, the present study revealed that systemic inflammatory response (mGPS=2) was unfavorable prognostic factor. These results suggested that patients with SCLC with a systemic inflammatory response may have a poor prognosis.
Many clinical trials have not shown the outcome of treatment of patients with SCLC patients with a systemic inflammatory response, as these studies excluded patients with impairment of organ function and active inflammation. Therefore, there is scarce published information with regard to the results of unfavorable prognostic factors in unselected patients with SCLC. Therefore, the present study included those with systemic inflammatory response, and revealed that a systemic inflammatory response (mGPS=2) was unfavorable prognostic factor. The results suggested that patients with SCLC with a systemic inflammatory response may have a poor prognosis. Based on the results, it is suggested that clinicians must take the patient's medical condition, including systemic inflammatory response, into consideration when deciding whether to offer a standard therapy that may increase treatment-associated mortality. Due to the design of clinical trials in which eligibility criteria preclude the involvement of patients with impairment of organ function, numerous published studies have not revealed the outcome of treatment of patients with SCLC with a systemic inflammatory response. As a result, there is little published information regarding the results of treatment and prognostic factors in unselected groups of patients with SCLC, including those with SCLC and a systemic inflammatory response. Therefore, the results of treatment and prognostic factors in unselected patients with SCLC who were admitted to the three hospitals were evaluated. In the present series of patients, female sex, LD-SCLC and good PS were favorable prognostic factors for SCLC, as has been reported in a previous study (8) . Additionally, it was revealed that patients with a systemic inflammatory response had poorer overall survival than those without, and the existence of a systemic inflammatory response was one of the unfavorable prognostic factors for survival in patients with SCLC. It is very important to understand why a systemic inflammatory response worsened the prognosis of SCLC in these patients. Therefore, standard therapy or adequate palliative care may be essential to provide prolonged quality survival, which is the primary goal of therapy for patients with SCLC with systemic inflammatory responses.
In conclusion, the prognostic significance of the presence of a systemic inflammatory response, as determined using mGPS, in SCLC was demonstrated in the current study. A well-planned large sized prospective study is required to support these results.
